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 The purpose of this capstone research project was to determine if the Hurley and 
Sells (2003) speech-in-quiet test NU-6 10- and 25-word lists could be used as predictors 
for speech-in-noise (SIN) abilities gauged by the quick speech-in-noise test (QuickSIN; 
Etymotic Research Inc., 2001) or Bamford-Kowal-Bench speech-in-noise test (BKB-SIN; 
Etymotic Research Inc., 2005).  Most audiologists use monosyllabic speech-in-quiet 
word lists to predict speech recognition abilities and hearing aid candidacy (Lindley, 
2015).  By not evaluating speech in noise, many hearing aid users are fit with hearing 
aids and counseled incorrectly (Mueller, Ricketts, & Bentler, 2014).  If a modified 
monosyllabic speech-in-quiet word list yields results correlated to QuickSIN or BKB-SIN 
signal-to-noise ratio (SNR) loss, the word lists could be used to predict speech-in-noise 
abilities. 
 Twenty-six participants were included in this study, providing ear-specific data 
for 50 ears.  Participants were aged 60 years and older with the mean age being 71 years 
old.  Fifteen men and 11 women were included and represented any race and/or 
socioeconomic status.   
All data collection took place at the University of Northern Colorado Speech-
Language Pathology and Audiology Clinic.  Consent was provided and obtained from 
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each participant prior to any testing.  Otoscopic examination was conducted to rule out 
impacted cerumen or ear canal abnormalities.  Form A of the Abbreviated Profile of 
Hearing Aid Benefit (APHAB; Cox & Alexander, 1995) was administered and completed 
prior to any audiometric testing.  Following the APHAB, the QuickSIN (Etymotic 
Research Inc., 2001), BKB-SIN (Etymotic Research Inc., 2005), NU-6 10-word list, and 
NU-6 25-word list were administered in a counter balance fashion for each participant.  
Both the QuickSIN (Etymotic Research Inc., 2001) and BKB-SIN (Etymotic 
Research Inc., 2005) displayed a significant negative correlation with the modified 
monosyllabic NU-6 word lists (p < .01).  A stronger relationship was found between the 
NU-6 10- and NU-6 25-word lists and the BKB-SIN (-.693 and -.703, respectively).  The 
NU-6 25-word list and BKB-SIN also resulted in the most optimal sensitivity and 
specificity (79% and 82%, respectively).  Significant correlations were seen between the 
APHAB (Cox & Alexander, 1995) ease of communication and reverberation subscales 
and the NU-6 10-word list, QuickSIN, and BKB-SIN.  No significant correlation was 
found between the background noise subscale of the APHAB and any test administered. 
  The NU-6 25-word list can be used as a predictor for both normal and abnormal 
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 The ability to recognize speech-in-noise (SIN) is a common complaint expressed 
by individuals with hearing loss.  This is also the leading concern expressed by hearing 
aid users.  Yet, it is rarely addressed in clinical settings.  Instead, word recognition in 
quiet is routinely measured across clinics to predict speech recognition abilities and 
hearing aid candidacy (Lindley, 2015; Mueller, Ricketts, & Bentler, 2014).  Word 
recognition testing conducted in quiet has been found to inadequately predict a patient’s 
speech recognition ability in noise.  By foregoing speech-in-noise testing, it is possible 
many hearing aid users were fit with hearing aids incorrectly or received incorrect 
counseling, causing them to be dissatisfied with their amplification or not to have 
achieved optimal benefit (Mueller et al., 2014).  This dilemma depicts the need for a 
monosyllabic speech-in-quiet test that gives an indication of the patient’s ability to 
understand a speech-in-noise. 
Wilson (2011) compared performance on a monosyllabic speech-in-quiet test 
(NU-6) to performance on a speech-in-noise test (revised speech in noise [RSIN]) and 
found 70% of individuals performed normally in a quiet condition, while only 6.9% were 
able to perform normally in a noisy condition.  Wilson’s research was conducted using 
the standard monosyllabic speech-in-quiet NU-6 50-word list.  If a different speech-in-
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quiet word list was used, perhaps it would display better predictability of speech-in-noise 
recognition.  The word lists adapted by Hurley and Sells (2003) are specialized when 
compared to the NU-6 50-word list in that each list is ordered according to level of 
difficulty.  This modification might change performance outcomes from those found in 
Wilson’s study and provide results more comparable to those generated by speech-in-
noise tests. 
 Comparing performance outcomes of the Hurley and Sells (2003) NU-6 10-word 
and NU-6 25-word lists presented in quiet to common speech-in-noise tests such as the 
Quick Speech-in-Noise Test (QuickSIN; Etymotic Research Inc., 2001) or the Bamford-
Kowal-Bench Speech-in-Noise Test (BKB-SIN; Etymotic Research Inc., 2005) could 
determine whether the word lists are predictors of speech-in-noise capabilities.  If the 
NU-6 10- and 25-word lists yielded results with a significant correlation to QuickSIN or 
BKB-SIN signal-to-noise ratio loss (SNR-loss) scores, the word list could be used to 
predict speech-in-noise abilities while administering only a speech-in-quiet assessment.  
If the performance outcomes were dissimilar between tests, it would further indicate 
monosyllabic speech-in-quiet word recognition testing was also inadequate at 
determining how a patient would do in noisy conditions.  By comparing individual 
performance on the three different tests to a self-assessment measure, such as the 
abbreviated profile of hearing aid benefit (APHAB; Cox & Alexander, 1995), 
participants’ self-rating of their performance in the real world could be observed and 
external validity for the three different measures could be assessed.  
Research Questions and Hypotheses 
Q1 Is there a relationship between scores on the NU-6 10-word list adapted by 




H1 The NU-6 10-word list will produce scores indicative of a relationship to 
the SNR-loss scores obtained on the BKB-SIN. 
 
Q2 Is there a relationship between scores on the NU-6 10-word list adapted by 
Hurley and Sells (2003) and scores on the QuickSIN? 
H2 The NU-6 10-word list will produce scores with a relationship to the SNR-
loss scores obtained on the QuickSIN. 
 
Q3 Is there a relationship between scores on the NU-6 25-word list adapted by 
Hurley and Sells (2003) and scores on the BKB-SIN? 
 
H3 The NU-6 25-word list will produce scores with a relationship to the SNR-
loss scores obtained on the BKB-SIN. 
 
Q4 Is there a relationship between scores on the NU-6 25-word list adapted by 
Hurley and Sells (2003) and scores on the QuickSIN? 
 
H4 The NU-6 25-word list will produce scores with a relationship to the SNR-
loss scores obtained on the QuickSIN. 
 
Q5 Do any of the four tests predict an individual’s subjective difficulty 
understanding speech in background noise in the real world as reported on 
the ease of communication, reverberation, and background noise sub-
scales of the APHAB? 
 
H5 The QuickSIN and BKB-SIN will have more accurate prediction of real 
world difficulty understanding speech than the NU-6 10- and 25-word 
lists. 
 
Q6 Is there a difference between scores for the NU-6 10-word and 25-word 
lists adapted by Hurley and Sells (2003)? 
 
H6 Because of the order of difficulty on the Hurley and Sells (2003) word 
lists, the NU-6 10-word list will likely be more difficult and produce poor 
scores when compared to the NU-6 25-word list. 
 
Q7 Is there a difference between SNR-loss measurements for the QuickSIN 
compared to the BKB-SIN? 
 
H7 Because the BKB-SIN is considered easier, the BKB-SIN will identify 









REVIEW OF THE LITERATURE 
 
 
Importance of Speech-in-Noise Testing 
Clinical speech-in-noise testing measures a patient’s ability to recognize speech 
when presented in conjunction with background noise.  Mueller et al. (2014) described 
several important contributions speech-in-noise testing has to the audiologic test battery 
with the main point being that speech-in-noise testing directly addressed the most 
common complaint audiologists encountered.  Audiologists have tended to ignore this 
complaint and a survey conducted by Kochkin (2012) revealed that of approximately 
80,000 households with hearing aid users, 95% of the users reported a desire to 
understand speech in noise with their hearing aids.  
Wilson and McArdle (2005) found two component characteristics of hearing loss: 
(a) the loss of acuity and (b) a deficiency in the clarity with which speech is received.  
The first component is typically managed with amplification and rehabilitation.  The 
second is observed when an individual with impaired hearing shows a reduced ability to 
understand speech-in-noise regardless of presentation level.  In order to provide proper 
patient care, the degree to which the distortion component disrupts communication must 
be determined; to evaluate this, a speech-in-noise task should be included in the test 
battery to determine signal-to-noise hearing loss (SNR-loss).  Unfortunately, 
determination of SNR-loss is not typically included.  The most common way to assess an 
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individual’s ability to recognize speech today is through a traditional speech-in-quiet 
assessment.  This limits the prediction of how the individual would do in the real world 
and how they would perform in background noise when fit with amplification.  
A survey conducted by Lindley (2006) was administered to 232 audiology 
students to observe the trend occurring in routine hearing aid fitting methods.  When 
asked if speech-in-noise measures were obtained during hearing aid fittings, only 20% of 
respondents said yes.  This was consistent with a survey administered online by Mueller 
(2003) via the Hearing Journal and Audiology Online.  More than 600 hearing 
professionals who dispensed hearing aids completed the survey and only 19% of these 
individuals stated they routinely conducted speech-in-noise testing.  In 2010, Mueller 
administered another survey and found the QuickSIN (Etymotic Research Inc., 2001) was 
the most popular speech-in-noise test and still routinely administered only 33% of the 
time.   
Age and Speech Recognition 
 Many studies have been done to observe the changes in speech recognition that 
occur throughout the aging process.  Ahlstrom, Horwitz, and Dubno (2002) compared the 
speech recognition abilities of eight younger (mean age: 24.1 years old) and eight older 
(mean age: 67.3 years old) subjects in different types of background noise.  All of the 
subjects in the study had hearing thresholds within normal limits.  Upon comparison of 
speech recognition thresholds between the two populations, the researchers concluded the 
older subject group performed worse in a speech-in-noise setting and had consistently 
higher thresholds than younger participants by 1 to 2 dB, indicating that even with 
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normal hearing thresholds, older adults performed poorly when trying to recognize 
speech presented with background noise.  
Humes and Floyd (2005) suggested the poor performance observed in this age 
range was due to the natural degeneration of cognitive processing that occurs with aging. 
With age comes a decline in cognitive abilities and with regard to the auditory system, 
the ability for an older individual to temporally process sound is reduced.  In younger 
populations, fluctuating background noise increases the ability to recognize speech-in-
noise.  When this presentation mode was employed with older adults, it caused no 
improvement in speech recognition and they struggled to hear speech-in-noise with or 
without a hearing loss (Bacon, Opie, & Montoya, 1998; Jin, Liu, & Sladen, 2014). 
A study conducted by George et al. (2007) compared speech reception thresholds 
of age-matched, normally hearing individuals to hearing impaired individuals. 
Participants had an average age of 65.5 years for the hearing-impaired group and 63.5 
years for the normal hearing group.  George et al. found the auditory processing ability 
decreased with age no matter the older individual’s peripheral hearing status.  He also 
found the ability to process speech-in-noise was worse when a hearing loss was present; 
the hearing-impaired subjects produced lower speech recognition scores than the normal 
hearing group. 
 George et al. (2007) illustrated that hearing loss in older adults was more 
detrimental to the ability to recognize speech-in-noise than age alone.  Hearing loss has 
been recognized as the third most prevalent disorder among the older adult population 
(Gates & Mills, 2005; Jin et al., 2014).  Lin, Thorpe, Gordon-Salant, and Ferrucci (2011) 
estimated that 60% of adults 70 years of age or older experienced hearing loss in the 
7 
 
United States.  Jerger and Chmiel (1997) conducted a study that examined the effect high 
hearing thresholds had on auditory processing and found a presbycusis loss had a large 
impact on speech perception in noise.  This finding was consistent with a study 
conducted by Stark, Haupt, and Divenyi (2005), which determined hearing loss was a 
major contributor to the struggle seen in an older adult’s ability to recognize speech-in-
noise.   
 Jin et al. (2014) identified three areas of age-related auditory deficits that made it 
difficult for older adults to recognize speech-in-noise: the peripheral auditory system, the 
central auditory system, and cognitive abilities.  When issues occurred in more than one 
of these components, the ability for an older patient to recognize speech-in-noise became 
minimal with or without hearing aids.  It became critical to understand how much hearing 
loss impacted an elderly patient’s ability to communicate versus how much cognitive 
ability was impacting communication abilities.  Testing speech-in-noise was necessary as 
it addressed both the distortion and the clarity components of the hearing loss.  
Quick Speech-in-Noise Test  
 To this point, the importance of speech-in-noise testing and how performance is 
impacted by age has been reviewed.  Clinically available speech-in-noise assessments are 
designed to observe how older patients with hearing loss might perform in environments 
with excessive background noise.  One of these tests is the QuickSIN (Etymotic Research 
Inc., 2001), a test consisting of 18 lists of six sentences with 30 target words in each list 
(see example of QuickSIN sentences in Appendix A).  It is quick enough to be 
administered routinely to patients and efficiently assesses a patient’s ability to understand 
speech-in-noise (Mueller et al., 2014).  The QuickSIN was developed by Etymotic 
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Research Inc. and became commercially available in 2001 for clinical use.  The test 
began as the speech-in-noise (SIN) test, then became the revised speech-in-noise test (R-
SIN), and underwent yet another revision to become the QuickSIN.  Each revision was 
conducted to make speech-in-noise testing easier, quicker, and more efficient and reliable 
(Killion, Niquette, Gudmundsen, Revit, & Banerjee, 2004). 
Overview 
 A patient’s SNR-loss should be measured when predicting the success an 
individual will have with hearing aids because SNR-loss correlates to the signal-to-noise 
ratio (SNR) advantage needed for a patient with hearing loss to recognize speech-in-
noise.  An increase in SNR-loss is equivalent to the distortion component observed in 
hearing-impaired older patients and those with hearing impairment tended to require a 
more favorable SNR.  Unfortunately, hearing aids do not correct for SNR-loss; therefore, 
word recognition testing conducted prior to a hearing aid fitting should predict speech-in-
noise performance in order to determine proper amplification and accessories (Killion et 
al., 2004; Walden & Walden, 2004).  The QuickSIN (Etymotic Research Inc., 2001) 
allowed audiologists to obtain a measurement of each individual’s SNR-loss, providing 
better insight into specific amplification needs.  
 Walden and Walden (2004) studied predictive variables commonly used in clinics 
and the impact they had on predicting success with amplification.  They used the 
QuickSIN (Etymotic Research Inc., 2001) to measure the patient’s SNR-loss in both 
unaided and aided conditions.  These measurements resulted in a correlation between 
hearing aid success and lower (better) SNR-loss.  This indicated the SNR-loss measured 
by the QuickSIN gave an accurate prediction of the degree to which the distortion 
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component affected the individual and provided an idea of the benefit hearing aids could 
offer to the patient. 
Stimulus 
 As outlined in the Etymotic Research Inc. (2001) user guide, the QuickSIN 
consists of 18 lists of six sentences and each sentence contains five key words.  The 
sentences in the QuickSIN were obtained from the Harvard Modified Institute of 
Electrical and Electronics Engineers (IEEE; 1969) sentences and were designed to limit 
contextual cues that aid in understanding.  The IEEE sentences were presented at a 
constant level in multitalker background noise.  The background noise was adjusted in 
increasingly difficult 5 dB steps from a +25 to 0 dB SNR.  Multitalker background noise 
was used due to its similarities to background noise typically encountered in the real 
world.  It consisted of competing talkers and contained words or strings of words that 
were intelligible, increasing informational masking and gap detection (Mueller et al., 
2014).  
 The QuickSIN (Etymotic Research Inc., 2001) could be delivered via insert 
earphones or supra-aural headphones when testing each ear separately.  The presentation 
level at which fixed speech was provided to the patient depended upon the pure tone 
average (PTA) determined from the patient’s audiogram.  For patients with a pure tone 
average below 45 dB HL, the presentation level for fixed speech was 70 dB HL (83 dB 
SPL) or less.  For those with PTAs greater than 45 dB HL, the presentation level was the 
point at which the patient had determined it was “loud but okay” (Etymotic Research 
Inc., 2001).  Mueller et al. (2014) defined the level of loud but okay to be just below the 




 The listener’s task throughout testing was to repeat each target sentence 
presented.  There were five key words in each of six sentences in a single list; each key 
word represented a potential point for a total of 30 potential points in each list.  The score 
of the QuickSIN was reported in terms of SNR when 50% correct recognition occurred 
for the 30 test words on one list (SNR-50) and SNR-loss was then derived from the 
determined SNR-50 (McArdle & Wilson, 2006; Walden & Walden, 2004).  
 To find a patient’s SNR-loss, the Tillman-Olsen (Tillman & Olsen, 1973) method 
is applied to establish spondee thresholds.  This method takes into consideration the 
highest presentation level, the attenuation step size, and the number of correct responses.  
The following formula is used to determine a patient’s SNR-50: 27.5 minus Total Words 
Correct.  The SNR-50 for normally hearing individuals is 2 dB, meaning that when 
deriving a patient’s SNR-loss from his/her SNR-50, a 2 dB difference must be accounted 
for.  Therefore, the following formula is used to determine a patient’s SNR-loss: 25.5 
minus Total Words Correct.  Etymotic Research Inc. (2001) provided normalized data for 
interpreting the scores obtained with this formula in the QuickSIN user’s manual and any 
SNR-loss higher than 3 dB could be classified as abnormal.  Normalized data provided 
by Etymotic Research Inc. can be found in Appendix B.  
Normative Data 
 Etymotic Research Inc. (2001) offered normative data, standard deviations, and 
confidence intervals within the QuickSIN user manual.  Duncan and Aarts (2006) 
determined these were reliable when they collected normative data very similar to the 
normative data provided by Etymotic Research Inc. 
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Killion et al. (2004) found the QuickSIN had list equivalency between word lists 
in normal listeners but there was a question whether this would also apply when testing 
hearing-impaired listeners.  As hearing-impaired listeners were the individuals for which 
this test was intended, McArdle and Wilson (2006) conducted research that examined 
recognition abilities for both an older adult hearing-impaired population and a normal- 
hearing young population for each QuickSIN list.  The authors found Killion et al.’s 
results were repeatable and the critical difference found for the normal-hearing subject 
populations generated a critical difference around 2.2 dB at a confidence level of 80%. 
When comparing normative data to individuals with hearing loss, McArdle and Wilson’s 
research revealed a difference of 10.0 to 14.3 SNR-loss among lists.  From this finding, 
they recommended that only the following eight QuickSIN lists should be used when 
testing individuals with hearing loss: 1, 2, 3, 5, 6, 8, 9, 10, 11, and 12.  If other lists were 
used, results obtained from the QuickSIN for hearing impaired individuals might be 
unrelated to their true speech recognition in noise capability (McArdle & Wilson, 2006).  
The critical difference table provided by Etymotic Research Inc. (2001) implied 
multiple lists should be presented when administering the QuickSIN.  For example, if 
only one list was used for each ear, the difference in the SNR-loss (95% confidence level) 
between ears would be 3.9 dB; whereas, if three lists were used, the critical difference 
was only 2.2 dB (Etymonic Research Inc., 2001). 
Bamford-Kowal-Bench Sentences in Noise  
 The previous section reviewed the most popular speech-in-noise test administered 
by audiologists today--the QuickSIN (Etymotic Research Inc., 2001). The BKB-SIN 
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(Etymotic Research Inc., 2005) was developed in a similar manner to this popular test 
and also has outcome measures that estimate a patient’s SNR-loss.  
Overview 
 The BKB-SIN (Etymotic Research Inc., 2005) sentence lists consist of 
Americanized Bamford-Kowal-Bench (BKB) sentences designed for a first-grade reading 
level.  These types of sentences are short and rich with semantic and syntactic context 
(Bench, Kowal, & Bamford, 1979).  The BKB-SIN is administered relatively quickly and 
takes about three minutes to complete a single list pair.  It is recommended that two lists 
be administered with a total of 16 sentences and 50 key words (see Appendix C for 
examples of sentences).  
Stimulus 
 The BKB-SIN (Etymotic Research Inc., 2005) consists of 18 equivalent list pairs, 
referred to as list A and list B, and each list pair is equated for difficulty.  These list pairs 
should both be administered and their scores averaged for maximum reliability and 
validity.  Each Americanized BKB sentence contains either three or four key words.  The 
first sentence in each list has four key words and the rest have three (Etymotic Research 
Inc., 2005). Like the QuickSIN (Etymotic Research Inc., 2001), presentation level is 70 
dB HL for those with PTA of 45 dB or below and “loud but okay” for those whose pure-
tone-average is higher than 45 dB.  Unlike the QuickSIN, the target speaker is a male 
rather than a female, the multitalker background noise is altered in 3 dB steps, and the 
range it covers depends on the list pairs used.  For list pairs 1-8, the SNR range is from 
+9 to -6 dB.  These list pairs can be used with all listeners.  For list pairs 9-18, the SNR 
range is from +21 to 0 dB.  These list pairs were specifically generated for evaluation of 
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cochlear implant patients who appeared to have significant SNR-loss (Etymotic Research 
Inc., 2005).  The multitalker background noise used was the same as the multitalker 
background noise described earlier for the QuickSIN.  
Scoring 
 The scoring method of the BKB-SIN (Etymotic Research Inc., 2005) is nearly 
identical to that of the QuickSIN (Etymotic Research Inc., 2001).  Within each list pair, 
the patient needs to achieve 25 potential points; SNR-loss is derived from the patient’s 
SNR-50 using the Tillman-Olsen (Tillman & Olsen, 1973) method.  However, the 
formula used to determine SNR-loss is slightly different from that used for the QuickSIN. 
First, the SNR-50 is found using the following formula: 23.5 minus Total Words Correct 
= SNR-50 for each list pair.  The SNR-50 of each list pair is then averaged and used to 
convert the SNR-50 to the patient’s SNR-loss.  This is done using the following formula: 
averaged SNR-50 minus normative data SNR-50 = SNR-loss.  Age-related normative 
values for adult SNR-50 are found within the BKB-SIN user manual and are displayed in 
Appendix D (Etymotic Research Inc., 2005; Mueller et al., 2014).  
Although the BKB-SIN (Etymotic Research Inc., 2005) provides another way to 
determine SNR-loss, its interpretation is identical to the SNR-loss determined by the 
QuickSIN (Etymotic Research Inc., 2001).  This means the SNR-loss found describes the 
increased SNR needed for the hearing-impaired individual to have normal speech 
recognition abilities (Mueller et al., 2014).  The BKB-SIN user manual defines an SNR-






 The BKB-SIN is a relatively new test and not much data have been acquired 
pertaining to the scoring methods and normative data provided by Etymotic Research Inc. 
(2005; Mueller et al., 2014; Wilson, McArdle, & Smith, 2007).  Wilson et al. (2007) 
compared the 50% data points provided by Etymotic Research Inc. to those obtained 
within their own study.  Etymotic Research Inc.’s manual provided a mean 50% point for 
normal hearing listeners at -2.5 dB while Wilson et al.’s (2007) study found the 50% 
point for normal hearing listeners was 0.5-1.0 dB, a discrepancy of 9 db.  The authors 
stated that the difference between these data sets was hard to explain due to little 
information on test parameters provided by Etymotic Research Inc.  
As mentioned, little research has been conducted on the BKB-SIN (Etymotic 
Research Inc., 2005) but Wilson et al. (2007) did compare this test to the QuickSIN 
(Etymotic Research Inc., 2001).  It was found that the BKB-SIN produced overall smaller 
(better) SNR-loss in both normal and hearing-impaired listeners.  It was also found that 
the BKB-SIN established more listeners with hearing loss to have normal word 
recognition when compared to the QuickSIN.  The BKB-SIN showed 22% of individual 
scores were in the normal range while the QuickSIN produced only 10%.  Both of these 
differences were thought to be due to the contextual cues the BKB-SIN provided, which 
allowed an increased cognitive contribution.  
Hurley and Sells Adapted Word Lists 
To this point, only speech-in-noise tests have been discussed.  However, as 
previously mentioned, audiologists rarely conduct these tests in routine evaluations even 
though research has shown that in general, monosyllabic speech-in-quiet tests are not 
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good predictors of a patient’s performance in background noise.  This issue could be due 
to the monosyllabic speech-in-quiet tests used in previous research and it is possible a 
specialized monosyllabic speech-in-quiet test has greater predictability.  One such test is 
the NU-6 ordered by difficulty or the adapted version of the NU-6 created by Hurley and 
Sells (2003).  Appendix E provides the 10- and 25-word lists. 
Overview 
Considerable research has shown that speech-in-quiet testing does not predict 
speech-in-noise recognition.  Wilson (2011) conducted a large study consisting of 3,430 
participants and examined how well speech-in-quiet measurements obtained by the NU-6 
could predict the ability to understand speech-in-noise.  Wilson did this by observing 
patient performance on NU-6 word lists compared to patient performance on the words-
in-noise (WIN) test.  His data collection indicated 1,383 (46.1%) participants who 
performed abnormally on the WIN test had excellent performance on the NU-6.  When 
those who obtained good performance on the NU-6 were included in this number, almost 
70% of those with good to excellent performance on the NU-6 in quiet were found to 
have abnormal performance on the WIN test.  This indicated that when individuals 
performed normally on the WIN test, they would likely perform normally on 
monosyllabic speech-in-quiet tasks.  When this was reversed, the same was not true; 
normal performance on monosyllabic speech-in-quiet tasks was not indicative of normal 
performance on speech-in-noise tasks.   
Wilson’s (2011) research was conducted using the standard NU-6 50-word lists. 
In 2003, Hurley and Sells (2003) developed an abbreviated test protocol to identify 
patients who did not require a full phonetically balanced (PB) 50-word list during speech 
16 
 
recognition testing.  The authors created a series-positive protocol by reorganizing the 
four lists of the commonly used Auditec NU-6 word list to be presented in order of 
difficulty.  This word list was specialized when compared to the standard monosyllabic 
NU-6 word list; when comparing this list to a commonly used speech-in-noise test (such 
as the QuickSIN or BKB-SIN), better speech-in-noise predictability might occur.   
Stimulus 
 Hurley and Sells (2003) derived their word list from the NU-6 50-word lists 
developed at Northwestern University by Carhart, Tillman, and Wilber in 1963.  Hurley 
and Sells created a series-protocol method that presented 50 words in decreasing 
difficulty: the 10 most difficult words first, followed by the next 15 hardest words, and 
then the final 25 words.  If the patient got 9 of 10 words correct or all correct, there was 
no need to present any more words.  If the patient got two or more wrong within the first 
10, the next 15 words were presented for a full 25-word list.  If the individual missed 
three or fewer words in the first 25 presented, there was no need to present a full 50-word 
list.  If an individual got more than three wrong out of the first 25 words, then a full 50-
word list was administered (Hornsby & Mueller, 2013).  No matter how many words 
were presented, the words were presented in order of most difficult to least difficult.  This 
method eliminated time spent testing patients who did not have speech recognition issues 
and still provided a full 50-word list to monitor those who did (Hurley & Sells, 2003).  
 The main reason this type of word list was generated was to address the time 
requirement needed to administer a full 50-word list.  A survey conducted by Martin, 
Champlin, and Chambers (1998) revealed that when clinicians chose not to use a full 50-
word list or speech-in-noise testing, they did so with the rationale that appropriate testing 
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took too much time.  Hurley and Sells (2003) found that when the series-positive protocol 
version of the NU-6 test was administered, testing time was reduced to 3 minutes and 10 
seconds per ear.  This resulted in a word list that was both time efficient and successful as 
a screening tool for individuals who had good recognition for monosyllabic speech-in-
quiet.  Although not developed for this reason, perhaps this quick and efficient word list 
could also have a predictive ability of how well a patient would perform in background 
noise.  
Normative Data 
To address the need for normalized lists while keeping in mind the common trend 
in audiology practices, Hurley and Sells (2003) calculated a percentage of error from four 
full NU-6 word lists to determine which words should be included in the 10-word list.  
To calculate this percentage, they presented full 50-word lists from form A and B of the 
NU-6 to 447 listeners with sensorineural hearing impairment and 46 listeners with normal 
hearing.  The authors also generated receiver operating characteristic curves from this 
data and observed the hit rate and false alarm rate for each 10-word list created.  Each of 
the four 10-word lists met the criterion of 90% or greater HR, making the lists normalized 
and valid.  
Runge and Hosford-Dunn (1985) conducted a similar study to see if rearranging 
words based on difficulty could reliably identify those with speech recognition 
impairments.  Their study involved large groups of both normal and hearing-impaired 
listeners.  The authors rearranged the PB CID W-22 50-word list in order of difficulty 
and generated a series-positive protocol.  Their protocol was found to miss less than 1% 
of over 24,000 patients who had 50-word recognition scores less than 92% (Runge & 
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Hosford-Dunn, 1985).  Hurley and Sells (2003) based their series-positive protocol on 
Runge and Hosford-Dunn’s protocol to develop the modified NU-6 monosyllabic speech-
in-quiet word lists.  Although the Runge and Hosford-Dunn research used the CID W-22 
lists, it provided further evidence that this series-positive protocol could adequately 
predict a patient’s word recognition ability. 
The Abbreviated Profile of Hearing Aid Benefit 
Testing using speech-in-noise has been found to relate to real-world speech 
understanding more than testing speech-in-quiet but it could be argued that the best way 
to determine real- world performance is to ask the patient.  The Abbreviated Profile of 
Hearing Aid Benefit (APHAB) was developed by Cox and Alexander in 1995 and was 
intended to gain a reliable understanding of a patient’s hearing aid success.  The APHAB 
provided this measure by assessing how patients did in a variety of listening 
environments through the use of a questionnaire.  The questionnaire assessed the 
problems a patient was having in a variety of listening situations and also measured the 
outcome of hearing aid fittings, compared alternative fittings, and tracked the success of a 
fitting over time (Cox & Alexander, 1995).  
The APHAB (Cox & Alexander, 1995) was derived from the Profile of Hearing 
Aid Benefit (PHAB).  The PHAB consisted of 66 items aimed to detect communication 
abilities and perception of sound in daily situations.  It encompassed a subset of 24 items 
from the PHAB.  These 24 items were constructed from the PHAB to ensure that the 
overall structure of the four original domains was represented by the six selected test 
items and the items selected were chosen based on the score obtained in three response 
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modes (aided, unaided, and benefit).  By doing this, test time was reduced from 20 to 30 
minutes to 10 minutes (Cox, 1997; Cox & Alexander, 1995). 
In contrast to the PHAB, the APHAB encompassed the four original scales but 
three subscales were eliminated (Cox & Alexander, 1995).  The remaining subscales 
were ease of communication, reverberation, background noise, and aversiveness.  This 
allowed the APHAB to generate scores related to speech communication in favorable, 
reverberant, and noisy environments (Cox, 1997; Cox & Alexander, 1995). 
Scoring and Administration 
Cox (1997) stated the APHAB is a questionnaire provided to patients to assess 
their personal opinions and attitudes toward their hearing loss.  Each item on the 
questionnaire is a statement and the patient must determine the truth of each statement. 
To determine the amount of truth to the statement, the patient is provided with a closed 
set list of descriptive word responses, each associated with a percentage to help the 
patient interpret the word.  This judgement can be conducted for both “with the hearing 
aid” and “without the hearing aid” scenarios. 
All responses are input to a software program for scoring.  The patient can 
complete the responses directly on the computer or with pencil and paper according to 
patient needs.  Once the data are input into the computer, the software generates a graphic 
display for each subscale for evaluation.  The pattern of responses should show response 
alternatives were used and the pattern of usage was not systematic.  If this was not found, 
data should be viewed with caution as responses might not be valid.  The pie chart 
provided in the software displays the number of times each response was used and 
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identifies non-systematic responses.  The larger the amount of pie slices incorporated, the 
larger use of response alternatives and strong test validity (Cox, 1997).  
Normative data included in the software consisted of data acquired from regular 
wearers of linear hearing aids.  These individuals were mostly elderly and had mild-
moderate, sloping, bilateral, hearing loss.  The elderly age range included in the 
normative data was not provided.  These factors should be considered when comparing 
an individual’s response to the normative group.  A graph with dotted lines was included 
in the software to illustrate how the patient compared to the 20th and 80th percentile 
profiles found from the normative data.  If the responses of the individual filling out the 
questionnaire fell within this range, it could be concluded the pattern was typical of a 
longtime hearing aid user.  If they did not, it indicated the patient was somewhat less 
typical and not that they were unsuccessful in adjusting to hearing aids (Cox, 1997; Cox 
& Alexander, 1995).  
Applications  
When analyzing the scores of the data generated by the APHAB (Cox & 
Alexander, 1995), comparison of the patient’s results to those of normal hearing was 
easily done with the normative data provided by Cox (1997).  The graph that provided 
20th and 80th percentile normative data was imposed upon a line plot that represented the 
percent of problems that occurred for the patient in the ease of communication, 
reverberation, background noise, and aversiveness subscales (Mueller et al., 2014).  This 
provided a visual representation of disability associated with the hearing loss (Cox & 
Alexander, 1995).  Data from the reverberation and background noise subscales could 
also be compared to the results of clinical tests such as the QuickSIN (Etymotic Research 
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Inc., 2001), BKB-SIN (Etymotic Research Inc., 2005), or Hurley and Sells’ (2003) 
adaptive lists to determine if a correlation occurred.  If a correlation occurred, it would 
indicate the tests were adequately assessing how well the patient did in real-world 
situations.  
Conclusion 
 Speech-in-noise testing is a useful clinical measure to help with patient 
counseling.  The QuickSIN (Etymotic Research Inc., 2001) is a reliable predictor for the 
success of hearing aids in patients with gradually sloping, high frequency hearing loss 
(Walden & Walden, 2004), and the BKB-SIN (Etymotic Research Inc., 2005) was found 
to reliably measure the benefit a patient could receive from amplification (Wilson et al., 
2007).  Unfortunately, these speech-in-noise tests are not conducted routinely, which 
prompted us to examine if other tests might assist in predicting speech-in-noise 
performance.  While the work of Hurley and Sells (2003) was designed to provide a 
streamlined screening for clinical word recognition testing, there might be other uses for 
the ordered-by-difficulty lists. 
By testing older adult patients with gradually sloping sensorineural hearing loss in 
each test condition, it could be determined whether the Hurley and Sells (2003) word list 
could be correlated to each speech-in-noise test.  If many participants performed 
abnormally on the speech-in-noise tasks as well as the speech-in-quiet task, it would 
indicate the Hurley and Sells word list could predict how individuals would perform in 
noise.  If not, it would indicate the speech-in-quiet word list was not a predictor of 
speech-in-noise performance and a speech-in-noise task should be conducted.  Because 
the Hurley and Sells word list was ordered in level of difficulty, it might be an accurate 
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predictor of how well those with hearing loss would do when listening to speech-in-noise.  
The unaided APHAB (Cox & Alexander, 1995) would provide real-world information 
directly from the patient, which could then be compared to both the speech-in-noise and 



















Twenty-six participants were included in this study, providing ear-specific data 
for 50 ears.  The subject population consisted of adults aged 60 years or older with a 
mean age of 71.  Participants could be either hearing aid users or non-hearing aid users, 
male or female, and represented any race and/or socioeconomic status.  No prisoners, 
illegal immigrants, or cognitively impaired individuals were considered for this study.  
Inclusion criteria for the study consisted of (a) pure tone thresholds at 500 and 
1000 Hz between 25 and 70 dB and no greater than 70 dB HL at 2000 Hz and (b) an 
otoscopic examination that revealed clear canals and no abnormalities.  Pure tone 
thresholds were based on audiograms completed within the last year with no significant 
change in hearing reported by the participant since the last evaluation.   
 Participants were recruited at the University of Northern Colorado’s (UNC) 
Speech-Language Pathology and Audiology Clinic.  Audiology and Speech-Language 
Sciences (ASLS) graduate students and clinical audiologists on faculty conducted 
recruitment.  Established patients who fell within pure tone threshold criteria were 






 Prior to data collection, approval to conduct the study was obtained from UNC’s 
Institutional Review Board (see Appendix F).  Data collection took place at UNC’s 
Speech-Language Pathology and Audiology Clinic.  Informed consent pertaining to 
privacy and voluntary nature of the study was obtained from each participant prior to any 
testing procedures (see Appendix G).  After obtaining informed consent, an otoscopic 
examination was conducted to rule out impacted cerumen or ear canal abnormalities. 
 Form A of the APHAB (Cox & Alexander, 1995) was administered prior to any 
other testing.  The participants completed the APHAB as if they were not wearing their 
hearing aids.  The test administrator recorded the results directly into the APHAB’s 
computer software.  After the data were input into the software, results were 
automatically calculated and ease of communication, reverberation, and background 
subscales were analyzed.  The aversiveness subscale of the APHAB was not analyzed for 
this study. 
Following administration of the APHAB (Cox & Alexander, 1995), the recorded 
QuickSIN (Etymotic Research Inc., 2001), BKB-SIN (Etymotic Research Inc., 2005), 
and the Hurley and Sells (2003) adaptive word lists were administered in a 
counterbalanced fashion for each participant.  These lists were presented at a level of 70 
dB HL or higher, depending on audiogram configuration and individual audibility issues.  
Each test was performed using the Madsen-Astera audiometer (#317602) in a pre-
recorded manner.  Standard ER-3A insert earphones were used and all stimuli were 
presented monaurally.  All testing took place in an audiometric booth at the University of 
Northern Colorado using an audiometer calibrated to meet ANSI standards.  
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The Hurley and Sells (2003) word lists were presented as full 25-word lists 
whether or not the participant got the first 10 words correct. The 10-word list score was 
then extracted to evaluate participant performance for both the 10- and 25-word lists 
simultaneously.  Participants were asked to repeat each word presented and their 
responses were scored as either “correct” or “incorrect.”  Abnormal and normal 
performances were determined by calculating the percentage of “correct” responses for 
both the NU-6 10- and NU-6 25- word list scores.  
When presenting the QuickSIN (Etymotic Research Inc., 2001), a word list was 
randomly chosen from 1, 2, 3, 5, and 6 for each participant.  Before the list was 
presented, the patient was instructed according to the QuickSIN user manual.  The 
sentences were presented as pre-recorded signal-to-noise ratios, decreasing automatically 
in 5 dB steps from +25 dB SNR to 0 dB SNR (Etymotic Research Inc., 2001).  Five key 
words were scored as each target sentence was repeated.  The subject’s SNR-loss was 
calculated according to the formula provided by Etymotic Research Inc. (2001): SNR 
loss = 25.5 minus Total Words Correct. 
When administering the BKB-SIN (Etymotic Research Inc., 2005), word list pairs 
1-9 were presented to each participant.  Test instructions pertaining to adults were 
administered according to the BKB-SIN user manual prior to testing.  The sentences were 
presented with signal-to-noise ratio decreasing in 3 dB steps from +9 dB SNR to -6 dB 
SNR.  The first sentence in each list had four key words to be scored and the remaining 
sentences had three.  A point was given for each key word repeated correctly. The 
number of key words correctly repeated for each list pair was added together and the total 
was subtracted from the 23.5 to find SNR-50.  Once the SNR-50 was found for each list 
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pair, the two scores were averaged and SNR-loss was calculated by subtracting the 
averaged SNR-50 score from the group-average value provided in the BKB-SIN user 
manual.  Degree of SNR-loss was determined upon comparison to normative data 
provided by Etymotic Research Inc. (2005) in the BKB-SIN user manual.  
Data Analysis Methods 
Data from each participant consisted of the following: (a) age, (b) real-world 
listening experiences, (c) audiogram no older than one year, (d) word recognition scores 
for the Hurley and Sells (2003) 10-word list, (e) word recognition scores for the Hurley 
and Sells 25-word list, (f) SNR loss obtained from the QuickSIN (Etymotic Research 
Inc., 2001), and (g) SNR loss obtained from the BKB-SIN (Etymotic Research Inc., 
2005).  
A two-tailed Pearson correlation matrix was used to determine the probability of a 
statistically significant linear relationship existing between all independent variables.  If 
the analysis resulted in a correlation coefficient that was not zero, it determined that a 
correlation could exist between the two variables.  A significance level of p < 0.01 was 
used to determine degree of correlation.  Additionally, t-test statistical significance was 
evaluated between the NU-6 10- versus NU-6 25- word lists and the QuickSIN (Etymotic 
Research Inc., 2001) versus the BKB-SIN (Etymotic Research Inc., 2005).  This was 
done to observe whether or not the difference between tests most likely reflected a “real” 
difference in the population.  The statistical significance was determined by the size of 




 Sensitivity and specificity were calculated to determine the reliability of the NU-6 
10- and -25 words lists at predicting speech-in-noise capabilities.  A score of 90% or 
above on the NU-6 10- and 25-word lists was used as the cutoff point of “normal” when 
compared to SNR-loss scores. Sensitivity and specificity were calculated by determining 
the number of hits and correct rejections that occurred when comparing each assessment.  
A high number of hits would indicate good sensitivity and a high number of correct 
rejections would indicate good specificity.  
 Data comparison with these techniques occurred between (a) word recognition 
scores obtained from the NU-6 10-word list compared to the SNR-loss obtained from 
QuickSIN (Etymotic Research Inc., 2001) and the BKB-SIN (Etymotic Research Inc., 
2005) separately, (b) word recognition scores obtained from the NU-6 25-word list 
compared to the SNR-loss obtained from the QuickSIN and BKB-SIN separately, (c) 
SNR-loss obtained from the QuickSIN compared to SNR-loss obtained from the BKB-
SIN, (d) word recognition scores obtained on the NU-6 10-word list compared to word 
recognition scores obtained on the NU-6 25-word list, and (d) results obtained from the 
APHAB (Cox & Alexander, 1995) and those obtained from all assessments included in 















 The primary purpose of this study was to determine if the NU-6 10-word and NU-
6 25- word lists could be predictors of speech-in-noise capabilities gauged by the 
QuickSIN (Etymotic Research Inc., 2001) or BKB-SIN (Etymotic Research Inc., 2005). 
Twenty-six participants were recruited for this study including 15 men and 11 women 
ranging from 60 to 91 years of age.  A table containing individual data for each 
participant and each ear can be found in Appendix H.  For data collection, the right and 
left ears were considered separately to generate a total of 50 data points.  Two of the 
participants included in the study underwent testing for one ear only due to a middle ear 
abnormality observed in Participant 22 and a wax impaction observed in Participant 26. 
The means and ranges for the three-frequency pure tone average (1,000, 2,000, and 4,000 
Hz), speech-in-noise signal-to-noise ratio loss (SNR-loss), and the NU-6 10-word and 






Means and Ranges for Pure Tone Average and Test Results for All Ears 
 
































 For the APHAB (Cox & Alexander, 1995) subscales, all scores were compared to 
the better scoring ear of each individual for a total of 26 ears.  A table displaying this data 
can be found in Appendix I.  The means and ranges for participant age, SNR-loss, NU-6 
10-word and NU-6 25-word list scores, and the ease of communication (EC), 
reverberation (RV), and background noise (BN) subscale scores of the APHAB are 
shown in Table 2.  
 
Table 2  
 























































Participants performed better on the BKB-SIN (Etymotic Research Inc., 2005) 
than the QuickSIN (Etymotic Research Inc., 2001) 68% of the time, with 34 of 50 
obtaining lower (better) SNR-loss scores on the BKB-SIN.  Three of the participants 
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performed the same on each speech-in-noise test and 26% (13 of 50) of the participants 
produced lower (better) SNR-loss scores on the QuickSIN.  On the NU-6 10- and 25-
word lists, the majority of participants produced higher (better) scores on the 25-word list 
(27 of 50 = 54%).  The subscale scores obtained on the APHAB indicated that 
background noise had the most substantial impact on ease of communication with 14 of 
26 (53%) participants scoring the highest percentage of impact within the background 
noise subscale. 
Relationship Between the NU-6 10-Word and NU-6 25-  
Word Lists and Speech-in-Noise Tests  
 
Research Questions 6 and 7 and  
Hypotheses 6 and 7 
To answer research questions 6 and 7, a paired t-test was performed using SPSS 
software to determine if there was a difference for the NU-6 10-word versus NU-6 25-
word list scores or the BKB-SIN (Etymotic Research Inc., 2005) versus QuickSIN 
(Etymotic Research Inc., 2001) SNR-loss scores.  Table 3 displays the relationship 
between each test when considering 50 ears.  Comparison of the NU-6 10- and 25-word 
lists resulted in a significant finding (t =-2.259, p = .028), indicating performance on the 
NU-6 10-word list differed from performance on the NU-6 25-word list.  When 
comparing the QuickSIN to the BKB-SIN, a significant finding was again found (t = 
5.453, p = .000), indicating a difference occurred between these tests as well, confirming 
hypotheses 6 and 7.  The results of the paired t-test are displayed in Table 3.  
Research Questions 1 Through 4 and  
Hypotheses 1 Through 4 
To answer research questions 1 through 4, Figures 1-4 were developed to 
illustrate SNR-loss scores obtained on the BKB-SIN (Etymotic Research Inc., 2005) and 
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QuickSIN (Etymotic Research Inc., 2001) in comparison to the NU-6 10- and 25-word 
list scores.  The horizontal and vertical lines on each scatterplot signify the normal range 
for each speech-in-noise test and monosyllabic word list, respectively, as indicated by 




Paired t-Test for the 10-Word and 25-Word List Scores and the QuickSIN and BKB-SIN 
Signal-to-Noise Scores (50 ears) 
 
    95% CI of the 
Difference 
   
 M SD Std. 
Error 
Mean 
Lower Upper t df Sig. (2-
tailed) 
NU-6 10-word 
and NU-6 25 
word lists 
 
-4.080 12.771 1.806 -7.709 -.451 -2.259 49 .028 
QuickSIN vs. 
BKB-SIN 

























The BKB-SIN (Etymotic Research Inc., 2005) and QuickSIN (Etymotic Research 
Inc., 2001) each displayed a negative correlation when compared to the NU-6 10- and 25-
word lists, meaning the lower (poorer) the score on the word lists, the higher (poorer) the 
SNR-loss score would likely be on either speech-in-noise test.  The strongest significance 
occurred between the BKB-SIN and NU-6 10-word and NU-6 25-word lists scores (-.693 
and -.706, respectively).  Table 4 displays the sensitivity and specificity of the NU-6 10- 






Sensitivity and Specificity of NU-6 10-Word and NU-6 25-Word Lists 
 
Test Sensitivity Specificity 
NU-6 10 (QuickSIN) 76% 69% 
NU-6 25 (QuickSIN) 73% 84% 
NU-6 10 (BKB-SIN) 82% 71% 




The NU-6 25-word list had the strongest sensitivity and specificity when 
compared to the BKB-SIN (79% and 82%, respectively), indicating it was a reliable 
predictor of both normal and abnormal SNR-loss scores (Etymotic Research Inc., 2005).  
A strong sensitivity was observed between the NU-6 10-word list and the QuickSIN 
(76%; Etymotic Research Inc., 2001) and BKB-SIN (82%) but the specificity was weak 
in comparison to the NU-6 25-word list, indicating that although it could predict normal 
SNR-loss scores, it could not predict abnormal SNR-loss scores. 
A Pearson correlation coefficient was performed using SPSS software to further 
compare the NU-6 10- and NU-6 25-word list scores to the QuickSIN (Etymotic 
Research Inc., 2001) and BKB-SIN (Etymotic Research Inc., 2005) SNR-loss scores.  All 
scores were analyzed using a two-tailed significance level of p < .01.  Table 5 displays 
the Pearson correlation results.  Across all measures, a significant correlation was found.  
This finding, alongside the scatterplot comparison and sensitivity and specificity analysis, 






Pearson Correlation Coefficient for 50 Ears 
 
Test  BKB-SIN NU-6 10-Word List NU-6 25-Word List  
QuickSIN Correlation .729 -.526 -.561 
 Significance p < .01 p < .01 p < .01 
 
BKB-SIN Correlation  -.693 -.706 
 Significance  p < .01 p < .01 
 
NU-6 10-Word List Correlation   .852 
 Significance   p < .01 
 
NU-6- 25-Word List  Correlation    
 Significance    
  
 
Relationship Between Speech Testing and the 
Abbreviated Profile of Hearing Aid Benefit 
 
Research Question 5 and  
Hypothesis 5 
 
To answer research question 5, better ear scores were used to compare the 
variables of age, pure tone average, NU-6 10-word and NU-6 25-word list scores, 
QuickSIN (Etymotic Research Inc., 2001) and BKB-SIN (Etymotic Research Inc., 2005) 
SNR-loss scores, and scores for the subscales of the APHAB (ease of communication, 
reverberation, and background noise).  The data were analyzed using a two-tailed 
significance level of p < .01 (see Table 6 for Pearson correlation results for the better ear 
only).   
The NU-6 10-word and NU-6 25-word lists were further compared to the 
QuickSIN (Etymotic Research Inc., 2001) and BKB-SIN (Etymotic Research Inc., 2005) 
and addressed the relationship of each test to the EC, RV, and BN APHAB (Cox & 
Alexander, 1995) subscales. A strong significant finding (p < .01) was found between 
most assessments.  When considering the APHAB, the strongest correlation occurred 
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between the NU-6 10-word list and the reverberation subscale (-.626, p<.01).  The 
weakest correlation was found when comparing the NU-6 25-word list to the background 
noise subscale (-.163).  The BN subscale was not found to have a significant correlation 




Pearson Correlation Coefficient at the 0.01 Significance Level) for the Better Ear (26 
Ears) 
 













PTA Correlation .647 .791 .741 -.637 -.798 .290 .383 .018 
 Significance p<.01 p<.01 p<.01 p<.01 p<.01 .150 .054 .930 
 
Quick Correlation .496  .873 -.653 -.716 .572 .505 .384 
 Significance .010  p<.01 p<.01 p<.01 p<.01 p<.01 .053 
 
BKB Correlation .469   -.775 -.783 .566 .593 .315 
 Significance .016   p<.01 p<.01 p<.01 p<.01 .117 
 
10 word  Correlation -.511    .870 -.586 -.626 -.341 
 Significance .008    p<.01 p<.01 p<.01 .088 
 
25 word  Correlation -.465     -.397 -.464 -.163 
 Significance .017     .044* .017* .426 
 
EC Correlation .299      .810 .573 
 Significance .138      p<.01 p<.01 
 
RV Correlation .463       .521 
 Significance .017       p<.01 
 
BN Correlation .153        
 Significance .456        





















The inability to recognize and understand speech in background noise is a 
common complaint of many individuals with hearing loss.  Speech-in-noise tests, such as 
the QuickSIN (Etymotic Research Inc., 2001) and BKB-SIN (Etymotic Research Inc., 
2005), address this complaint but most audiologists use monosyllabic speech-in-quiet 
word lists instead.  This can lead to improper hearing aid fittings or counseling, causing 
patients to be unsatisfied with their hearing technology (Mueller et al., 2014). Prior 
research in this area has used standardized word lists, not word lists ordered by difficulty.  
It is possible that more difficult monosyllabic word list would produce a stronger 
relationship to speech-in-noise tests.  Therefore, the purpose of this study was to compare 
the performance outcomes of the NU-6 10-word and NU-6 25-word lists presented in 
quiet to results on the QuickSIN and BKB-SIN.  If the NU-6 10- and 25-word lists 
yielded comparable results to these speech-in-noise tests, the word lists could be used as 
a predictor of speech-in-noise capabilities with respect to the BKB-SIN or QuickSIN.  If 
performance outcomes differed between tests, it would indicate this modified 
monosyllabic speech-in-quiet word test was inadequate at determining how a patient 





The following research questions guided this study: 
Q1 Is there a relationship between scores on the 10-word list adapted by 
Hurley and Sells (2003) and SNR-loss scores on the BKB-SIN? 
 
Q2 Is there a relationship between scores on the 10-word list adapted by 
Hurley and Sells (2003) and scores on the QuickSIN? 
 
Q3 Is there a relationship between scores on the 25-word list adapted by 
Hurley and Sells (2003) and scores on the BKB-SIN? 
 
Q4 Is there a relationship between scores on the 25-word list adapted by 
Hurley and Sells (2003) and scores on the QuickSIN? 
 
Q5 Do any of the four tests predict an individual’s subjective difficulty 
understanding speech in background noise in the real world as reported on 
the ease of communication, reverberation and background noise sub-scales 
of the abbreviated profile of hearing aid benefit (APHAB)? 
 
Q6 Is there a difference between scores for the NU-6 10-word and NU-6 25-
word lists adapted by Hurley and Sells (2003)? 
 
Q7 Is there a difference between SNR-loss measurements for the QuickSIN 
compared to the BKB-SIN? 
 
The following hypotheses guided this study: 
H1 The NU-6 10-word list will produce scores with a relationship to the SNR-
loss scores obtained on the BKB-SIN. 
 
H2 The NU-6 10-word list will produce scores with a relationship to the SNR-
loss scores obtained on the QuickSIN. 
 
H3 The NU-6 25-word list will produce scores with a relationship to the SNR-
loss scores obtained on the BKB-SIN. 
 
H4 The NU-6 25-word list will produce scores with a relationship to the SNR-
loss scores obtained on the QuickSIN. 
 
H5 The QuickSIN and BKB-SIN will have more accurate prediction of real 
world difficulty understanding speech than the NU-6 10-word or NU-6 25-
word lists. 
 
H6 Because of the order of difficulty on the Hurley and Sells (2003) word 
lists, the NU-6 10-word list will be more difficult and produce poor scores 




H7 Because the BKB-SIN is considered easier, the BKB-SIN will identify 
fewer individuals with SNR-loss when compared to the QuickSIN.  
 
A Pearson correlation coefficient was performed and a significant correlation 
between the NU-6 word lists and both speech-in-noise tests was found.  These findings 
signified that if a patient had poor performance on the modified monosyllabic speech-in-
quiet word list, he or she would likely have poor performance on both speech-in-noise 
tests.  Of the two speech-in-noise tests, the BKB-SIN (Etymotic Research Inc., 2005) had 
a stronger correlation when compared to both the NU-6 10-word and NU-6 25-word lists 
(-.693 and -.706, respectively). 
Wilson (2011) compared the original NU-6 test to the words-in-noise (WIN) test 
and found that although poor scores on the NU-6 were indicative of poor scores on the 
WIN, poor scores on the WIN were not indicative of poor scores on the NU-6.  Tables 7 
and 8 display the percentage of abnormal and normal scores found in Wilson’s study 
(Table 7) and within the current study (Table 8).  Wilson’s study resulted in 70% of 3,430 
veterans achieving a score of >90% correct (normal) on the NU-6 and only 7% achieving 
a normal score on the WIN.  Similar to Wilson’s finding, in the current study, more 
participants achieved normal scores on the speech-in-quiet assessment when compared to 






Wilson Normal Versus Abnormal Findings  
 
 NU-6 Words in Noise 
Normal 70%   7% 






Current Study Normal Versus Abnormal Findings 
 
 QuickSIN BKB-SIN NU-6 10-Word List NU-6 25-Word List 
Normal 18% 22% 58% 46% 




Although these findings were similar, a difference occurred in that participants 
were more likely to produce a normal score on both the BKB-SIN (Etymotic Research 
Inc., 2005) and NU-6 25-word list; 46% of participants attained a normal 25-word list 
score and 22% of the same participants attained a normal SNR-loss score.  This was also 
found when comparing less than normal scores; 78% of participants achieved a poor 
SNR-loss score on the BKB-SIN and 42% achieved a poor score on the NU-6 25-word 
list, significantly closing the gap between the abnormal and normal outcomes as reported 
by Wilson (2011).  The QuickSIN (Etymotic Research Inc., 2001), on the other hand, 
produced findings similar to Wilson’s in that an abnormal score on the NU-6 10- and 25-
word lists did not predict an abnormal SNR-loss score.  The difference between 
QuickSIN and BKB-SIN outcomes were further observed in Figures 1-4 where the linear 
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relationship between the BKB-SIN and NU-6 10- and NU-6 25-word lists was much 
stronger than the relationship to the QuickSIN.  
Correlational differences and SNR-loss score were also reported in Table 4 
regarding sensitivity and specificity.  For the NU-6 10-word list, a greater sensitivity than 
specificity was found, indicating there was a low hit rate when using the 10 hardest words 
and the probability of identifying an abnormal SNR-loss score was low.  For the NU-6 
25-word list, a cut-off score of 90% yielded optimum sensitivity and specificity with 
respect to BKB-SIN (Etymotic Research Inc., 2005) SNR-loss (79% and 82%, 
respectively).  This finding indicated the NU-6 25-word list could be used as a predictor 
for both abnormal and normal results on the BKB-SIN.  This finding was further 
supported when observing the strong straight-line trend and Pearson correlation 
coefficient between the BKB-SIN and NU-6 25-word list (-.783) as observed in Figures 
1-4 and Table 6. 
The difference between SNR-loss outcomes on the BKB-SIN (Etymotic Research 
Inc., 2005) versus the QuickSIN (Etymotic Research Inc., 2001) was a repeatable 
outcome when compared to a study conducted by Wilson et al. in 2007.  Table 9 
compares the normal findings from Wilson et al.’s study to the current study’s normal 
findings.  In Wilson et al.’s study, 22% of BKB-SIN SNR-loss scores were in the normal 
range while only 10% of the same participants achieved a normal QuickSIN SNR-loss 
score.  Wilson et al. determined this difference was likely due to the contextual cues 
provided by the BKB-SIN that aided in cognitive contribution and the fact that the BKB-
SIN was developed for children five years and older.  Results of a paired t-test comparing 
the QuickSIN to the BKB-SIN indicated a difference occurred between tests (t=5.543), 
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likely due to these factors.  It could be concluded that although the BKB-SIN was 






Wilson et al. Normal Outcomes Versus Current Study’s Normal Outcomes 
 
 
Wilson et al. (2007) 
Normal 











Wilson et al. (2007) also compared the SNR-50 of normal hearing individuals and 
hearing-impaired individuals to the SNR-50 for adults using data provided by Etymotic 
Research Inc. (2005) in the BKB-SIN user manual.  The SNR-50 of normal hearing 
participants was .5 to 1.0 dB in Wilson et al.’s study while the SNR-50 provided by 
Etymotic Research Inc. was -2.5 dB.  When compared to hearing-impaired participants, 
the SNR-50 differed by 9 dB.  This finding indicated the corrective data for adults 
provided by Etymotic Research Inc. might be inaccurate and might also have contributed 
to the difference in SNR-loss scores observed between the BKB-SIN and QuickSIN 
(Etymotic Research Inc., 2001) in addition to the difference in the contextual cues 
provided by the sentences.  
The Pearson correlation coefficient indicated that the ease of communication and 
reverberation subscales of the APHAB (Cox & Alexander, 1995) had a significant 
correlation (p < .01) to performance on the NU-6 10-word list, QuickSIN (Etymotic 
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Research Inc., 2001), and BKB-SIN (Etymotic Research Inc., 2005).  A slightly weaker, 
but significant correlation (p < .05) was found when comparing the ease of 
communication and reverberation subscales of the APHAB to the NU-6 25-word list.  
The background noise subscale did not have a significant correlation at any level, 
indicating no relationship between the subjective score on the background noise subscale 
and any assessment.  
Cox and Alexander (1995) reported on findings for 27 similar patients who 
completed the APHAB and found that when compared to the PHAB, retest correlations 
were less on the APHAB for the background noise and averseness subscales probably 
because the modified version markedly shortened them.  They also found that when 
considering the subscales in the unaided condition, such as the current study did, the 
background noise subscale produced significantly skewed distributions.  This could have 
contributed to clinical measures of speech recognition in background noise having 
stronger significance to patients who reported reverberation and ease of communication 
subscales over the background noise subscale.  
Cox, Alexander, and Gray (2003) also conducted a study comparing the APHAB 
(Cox & Alexander, 1995) to unaided audiometric data.  Within their study, APHAB 
subscale scores were compared to revised speech-in-noise (RSIN) scores for 60 similar 
patients.  The closest correspondence occurred with the reverberation subscale when 
compared to RSIN scores.  The next strongest correspondence occurred with the ease of 
communication subscale.  The weakest correspondence, with no significant relationship, 
was with the background noise subscale.  These findings were repeated in the current 
study; the background noise subscale was the only subscale that had no significance in 
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terms of correlation to any of the speech tests, and the reverberation subscale was found 
to have the highest correlation to the speech tests.  Cox et al. determined that the 
background noise subscale was different from the ease of communication and 
reverberation subscales in terms of its association to audiological variables.  The findings 
from the current study further suggested this, indicating the background noise subscale 
assessed variables of background noise differently than those addressed on speech-in-
noise assessments: QuickSIN and BKB-SIN.    
Limitations and Implications  
for Future Research 
 
The sample size in the current study was small. Future research with a larger 
sample size may provide further evidence of the correlation between the BKB-SIN 
(Etymotic Research Inc., 2005) and NU-6 10- and 25-word lists.  Results were similar to 
those found by Wilson (2011) when compared to the QuickSIN (Etymotic Research Inc., 
2001) but Wilson’s study consisted of approximately 3,000 veterans while the current 
study included only 50 individual ears.  Future research utilizing a larger sample size 
would provide further evidence of the predictability between these monosyllabic speech-
in-quiet word lists and speech-in-noise assessments as well as allow further comparison 
to Wilson’s data. 
The age range included in the current study also presented as a limitation.  The 
findings of this study can only be generalized to individuals 60 years and older with high 
frequency sensorineural hearing loss.  This age range was chosen due to the reduced 
ability for older adults, with or without hearing loss, to understand speech-in-noise as 
easily as younger adults (Ahlstrom et al., 2002).  A study including young adults, 
children, and adolescents might produce results that do not agree when comparing scores 
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for monosyllabic speech-in-quiet word lists to speech-in-noise tests.  Furthermore, 
because this study included only individuals with high frequency sensorineural hearing 
loss, the results cannot be generalized to populations with other degrees, types, and 
configurations of hearing loss.  The configuration for this study was chosen due to the 
prevalence of high frequency hearing loss observed in the age range of the participants.  
A larger study including a wider range of hearing configurations, types, and degrees of 
hearing loss might reveal different results. 
Implications for Clinical Practice 
The results presented in the current study indicated that when testing 
monosyllabic speech-in-quiet, performance on the Hurley and Sells (2003) modified NU-
6 word list had a notable relationship to speech-in-noise testing using the BKB-SIN 
(Etymotic Research Inc., 2005) and a slight relationship when using the QuickSIN 
(Etymotic Research Inc., 2001).  Specifically, the NU-6 25-word list had a strong 
correlation (-.768, p < .01) and high sensitivity and specificity (79% and 82%, 
respectively) when compared to the BKB-SIN.  This suggested that if a monosyllabic 
speech-in-quiet word list was used instead of speech-in-noise assessments, use of the 
NU-6 25-word list could be a predictor of SNR-loss with respect to the BKB-SIN.  
It should be questioned whether the normative corrective value provided by 
Etyomtic Research Inc. (2005) for adults was accurate.  A difference in SNR-loss scores 
between the QuickSIN (Etymotic Research Inc., 2001) and BKB-SIN (Etymotic Research 
Inc., 2005) was found both in the current study (t = 5.453) and in previous studies 
(Wilson, 2011).  While this difference was expected due to the contextual cues provided 
in the BKB-SIN sentences, the corrective value provided by Etymotic Research Inc. 
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(2005) for adults should make up for this.  Findings on Wilson et al.’s (2007) study 
indicated further research is needed to compare the SNR-50 of normal adults to the SNR-
50 provided by Etymotic Research Inc. to ensure its validity. 
When considering the external validity of how these tests compared to a patient’s 
subjective difficulty hearing, the Hurley and Sells (2003) word lists and either speech-in-
noise test were found to be comparable to the ease of communication and reverberation 
subscales of the APHAB (Cox & Alexander, 1995), indicating that use of the Hurley and 
Sells monosyllabic speech-in-quiet word lists or either speech-in-noise assessment 
provided an accurate representation of the effect an individual’s hearing loss had on these 
subscales.  The finding did not indicate it was a valid representation of the background 
noise subscale of the APHAB, which was not comparable at any confidence level to any 
test administered throughout the study.  This further supported findings from Cox et al. 
(2003), indicating the background noise subscale assessed audiometric variables of 
speech-in-noise differently than those assessed by the QuickSIN (Etymotic Research Inc., 
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List 1         Score 
1. A White Silk Jacket goes with any shoes.   S/N 25   
2. The child crawled into the dense grass.   S/N 20 
3. Footprints showed the path he took up the beach.   S/N 15 
4. A vent near the edge brought in fresh air.   S/N 10 
5. It is a band of steel three inches wide.    S/N 5 
6. The weight of the package was seen on the high scale. S/N 0  










QUICK SPEECH-IN-NOISE TEST AND BAMFORD- 
KOWAL-BENCH SPEECH-IN-NOISE TEST  









SNR-Loss Degree of SNR-Loss 
Expected Improvement 
with Directional Mic 
0-3 dB Normal/Near Normal 
May hear better than 
normal hear in noise 
3-7 dB Mild SNR-loss 
May hear almost as well as 
normal hear in noise 
7-15 dB Moderate SNR-loss 
Directional Microphones 
help. Consider any mic 
>15 dB Severe SNR-loss 
Maximum SNR 




























List 3A    Key Words  # Correct  SNR 
 
1. The ball went into the goal.   4                    +21 dB 
2. The house had a nice garden.   3                    +18 dB 
3. He found his brother.    3                    +15 dB 
4. Some animals sleep on straw.   3                    +12 dB 
5. The jelly jar was full.    3                    +9 dB 
6. They are kneeling down.    3                    +6 dB 
7. The cook is making a cake.   3                    +3 dB 
8. The child grabbed the toy.    3                      0 dB 
9. A boy fell from the window.   3                    -3 dB 
10. She used her spoon.    3                    -6 dB 
     Total Key Words Correct                         




List 3B    Key Words  # Correct  SNR 
 
1. Mother cut the birthday cake.   4                    +21 dB 
2. The mailman comes early.    3                    +18 dB 
3. The sign showed the way.    3                    +15 dB 
4. The grass is getting long.    3                    +12 dB 
5. A man is turning the faucet.   3                    +9 dB 
6. The fire was very hot.    3                    +6 dB 
7. He is sucking his thumb.    3                    +3 dB 
8. The driver started the engine.   3                      0 dB 
9. The janitor swept the floor.   3                    -3 dB 
10. A grocer sells butter.    3                    -6 dB 
     Total Key Words Correct                   
















AGE-RELATED NORMATIVE VALUES FOR  
BAMFORD-KOWAL-BENCH SPEECH-IN- 







 Normal Hearing CI Users 
Mean SNR-50 -2.5 * 















Ordered by Difficulty--Version II 
 List 1  List 2   List 3   List 4 
1. Death   1. Gin   1. Chat   1. Yearn 
2.Knock   2. Pike   2. Thin   2. Perch 
3. Laud   3. Keg   3. Mouse  3. Fit 
4. Puff   4. Pick   4. Mess   4. Pass 
5. Keen   5. Keep   5. Pearl   5. Shirt 
6. Burn   6. Turn   6. Germ   6. Ripe 
7. Take   7. Dab   7. Ditch   7. Came 
8. Third   8. Gaze   8. Dodge  8. Peg 
9. Met   9. Learn   9. Cheek  9. Tape 
10. Pool   10. Ton   10. Tell   10. Kick 
 
11. Kite   11. Shack  11. Beg   11. Neat 
12. Hurl   12. Pad   12. Pain   12. Lease 
13. Jar   13. Mill   13. Team  13. Bath 
14. Fat   14. Thought  14. Ring   14. Back 
15. Sell   15. Nice   15. Mop   15. Gas 
16. Tip   16. Wag   16. Hit   16. Check 
17. Lot   17. Rot   17. Talk   17. Thumb 
18. Chalk  18. Match  18. Youth  18. Wash 
19. Week  19. Said   19. Cause  19. Join 
20. Which  20. Chief  20. Pole   20. Judge 
21. Page   21. Lore   21. Search  21. Should 
22. Gap   22. Bought  22. Sheep  22. Make 
23. Shout  23. Dead  23. Shall  23. Long 
24. Dime  24. Shawl  24. Jug   24. Such 
25. Hash  25. Calm  25. Lid   25. Wife 
 
26. Nag   26. Goal   26. Seize  26. Sour 
27. Mode  27. Witch  27. Half   27. Kill 
28. Tough  28. Merge  28. Cab   28. Get 
29. Sub   29. Far   29. Rat   29. Chain 
30. Raise  30. Tool   30. Phone  30. Bone 
31. Yes   31. Fail   31. Date   31. Doll 
32. Size   32. Chair  32. Five   32. Dip 
33. Whip  33. Hush  33. Rush  33. Time 
34. King   34. Live   34. Hire   34. Wheat 
35. Fall   35. Haze  35. Life   35. Tire 
36. Choice  36. Bite   36. Void   36. Hole 
37. Bean  37. Soap   37. Base   37. Red 
38. Limb  38. South  38. Road  38. Mob 
39. Moon  39. Loaf   39. Wire   39. Mood 
40. Vine   40. Voice  40. Bar   40. Rough 
41. Rag   41. Deep  41. When  41. Sail 
42. Goose  42. Young  42. Name  42. Near 
43. Door  43. Juice  43. Luck  43. Dog 
44. Sure   44. Numb  44. Gun   44. Vote 
45. Reach  45. Read  45. Late   45. Rose 
46. Jail   46. Book  46. Note   46. Food 
47. Raid   47. Hate   47. Walk  47. Hall 
48. Boat   48. White  48. Cool   48. Have 
49. Home  49. Rain   49. Soup  49. Lose 




























INFORMED CONSENT FORM FOR HUMAN  





CONSENT FORM FOR HUMAN PARTICIPANTS IN RESEARCH 
UNIVERSITY OF NORTHERN COLORADO 
 
Project Title:  Can Performance on Speech-in-Quiet Monosyllabic Word Lists Predict 
Speech-In-Noise Capabilities? 
Researcher: Ellyn Kuehne, B.S., School of Audiology and Speech-Language Sciences 
 E-mail: kueh1223@bears.unco.edu 
 
Research Advisor: Dr. Katie Bright, Ph.D. 
Phone: 970-351-1589  E-mail: Katie.Bright@unco.edu 
 
Purpose and Description: The primary purpose of this study is to address the common 
complaint of hearing aid users: the inability to hear speech in noise. First, the researcher 
will look in your ears to observe your eardrum and ensure there is no wax buildup 
present. You will then be taken to a sound-treated booth and asked to complete three 
different hearing tests and one survey. The tests will assess how you understand speech in 
noise and in quiet, and the survey will assess your real-life ability to understand speech in 
noise.  
 
The hearing tests included in this study are: the QuickSIN, the BKB-SIN, and the NU-6 
ordered according to difficulty. The QuickSIN and BKB-SIN are evaluations to assess 
your ability to hear speech in noise. You will be instructed to listen for a main voice, and 
repeat each sentence while ignoring background talkers occurring at the same time. The 
NU-6 word list ordered according to difficulty is an evaluation to assess your ability to 
hear speech in quiet. You will be read a list of words and instructed to repeat each word 
back.  
 
The survey included in this study is called The Abbreviated Profile of Hearing Aid 
Benefit (APHAB). This will allow us to determine how you feel about your ability to 
hear speech in noise. The total time to complete all of the tests and the survey will be 
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Potential risks for this project are minimal. They are no different than those you would 
experience in a routine hearing evaluation. This study is not providing direct benefit, but 
it may indirectly benefit you by providing you with a free hearing estimation 
 
All information pertaining to this study will be kept confidential. It will only be 
accessible by the student researcher and research advisors. A number will be assigned to 
your test results instead of a name to increase confidentiality. The data will be stored in a 
locked, secure office and will be destroyed after three years.  
 
Participation is voluntary. You may decide not to participate in this study and if you 
begin participation, you can decide to stop and withdraw at any time. Your decision will 
be respected. Having read the above and having had an opportunity to ask questions, 
please sign below if you would like to participate in this research. If you have any 
concerns about your selection or treatment as a research participant, please contact Sherry 
may, IRB Administrator, Office of Sponsored Programs, Kepner Hall, University of 



































1 Right 42 70 94 11.5 3.0 
1 Left 42 100 100 12.5 3.5 
2 Right 28 100 100 -0.5 0.0 
2 Left 33 100 100 3.5 -1.0 
3 Right 42 80 94 3.5 2.5 
3 Left 68 80 60 13.5 3.5 
4 Right 72 80 72 21.5 10.0 
4 Left 73 90 80 19.5 10.0 
5 Right 58 90 96 18.5 4.5 
5 Left 45 90 96 4.5 4.5 
6 Right 43 70 80 6.5 6.5 
6 Left 45 70 68 5.5 5.5 
7 Right 60 50 76 14.5 10.0 
7 Left 60 60 56 9.5 11.0 
8 Right 60 70 56 16.5 8.0 
8 Left 67 40 44 10.5 6.5 
9 Right 38 96 96 3.5 4.0 
9 Left 53 80 88 17.5 5.5 
10 Right 37 70 84 9.5 4.5 
10 Left 53 60 72 2.5 4.0 
11 Right 38 70 94 2.5 4.0 
11 Left 42 70 94 7.5 5.5 
12 Right 65 40 48 10.5 11.0 
12 Left 68 50 60 8.5 7.5 
13 Right 40 80 80 6.5 6.0 
13 Left 45 96 96 7.5 3.0 
14 Right 32 100 100 4.5 2.5 
14 Left 52 50 64 10.5 6.0 
15 Right 48 50 86 13.5 10.0 
15 Left 57 50 84 21.5 7.0 
16 Right 32 70 84 0.5 1.5 
16 Left 30 90 96 1.5 4.0 
17 Right 32 80 84 6.5 2.0 
17 Left 35 90 96 6.5 3.5 
18 Right 30 90 96 3.5 3.0 
18 Left 33 100 100 1.5 2.0 
19 Right 65 50 60 20.5 12.0 
19 Left 60 40 48 17.5 22.0 
20 Right 77 70 68 10.5 5.5 
20 Left 33 90 96 0.5 1.5 
21 Right 40 100 100 0.5 3.0 
21 Left 43 100 100 7.5 5.0 
22 Left 73 40 40 13.5 7.0 
23 Right 62 30 10 15.5 9.0 
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23 Left 70 40 20 25.5 20.0 
24 Right 52 40 30 9.5 7.0 
24 Left 62 60 48 11.5 9.0 
25 Right 38 90 96 9.5 3.5 
25 Left 42 90 96 2.5 3.5 

























1 61 20 30 40 100 100 11.5 3.0 
2 65 20 15 50 100 100 -0.5 -1.0 
3 76 20 40 45 80 94 3.5 2.5 
4 81 35 40 45 90 80 19.5 10.0 
5 69 20 35 35 90 96 4.5 4.5 
6 76 25 40 55 70 80 5.5 5.5 
7 78 30 65 60 60 76 9.5 10.0 
8 78 40 50 45 70 56 10.5 6.5 
9 72 20 30 40 96 96 3.5 4.0 
10 72 35 70 70 70 84 2.5 4.0 
11 68 40 55 50 70 94 2.5 4.0 
12 74 35 70 20 50 48 8.5 7.5 
13 76 15 35 60 96 96 6.5 3.0 
14 74 30 60 35 100 100 4.5 2.5 
15 79 50 55 60 50 86 13.5 7.0 
16 60 30 30 20 90 96 0.5 1.5 
17 66 30 30 65 90 96 6.5 2.0 
18 64 20 20 35 100 100 1.5 2.0 
19 66 70 75 80 50 60 17.5 12.0 
20 62 25 35 40 90 96 0.5 1.5 
21 63 0 0 0 100 100 0.5 3.0 
22 82 40 55 45 40 20 15.5 9.0 
23 60 5 0 45 60 48 9.5 7.0 
24 76 10 5 15 90 96 2.5 3.5 
25 76 40 75 50 40 20 19.5 14.0 
26 91 30 50 40 40 40 13.5 7.0 
 
 
 
 
 
 
